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1
METHOD AND APPARATUS FOR
PROVIDING A ROUTE RECOMMENDATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/901,767, filed Oct. 11, 2010, now U.S. Pat.
No. 8,989,018, which is herein incorporated by reference in
its entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates generally to a software tool
implemented on a computing device for recommending a
route to support a connection between termination points,
e.g., between two network offices.

Due to technology evolution and industry consolidation, a
carrier’s transport network may include several types of sub-
networks, e.g., Dense Wavelength Division Multiplexer
(DWDM) sub-networks. Different sub-networks can be
deployed by using equipment from different vendors with
different supporting technologies, such as 8 wavelengths with
0OC48 per wavelength system, 16 wavelengths with OC48 per
wavelength system, 32 wavelengths with OC48 per wave-
length system, 80 wavelengths with OC48 per wavelength
system, 40 wavelengths with OC192 per wavelength system,
80 wavelengths with OC768 per wavelength system, and so
on. However a user requesting a connection is only concerned
with the end-to-end connectivity and is not aware of the
underlying technologies or sub-networks supporting the con-
nection. For example, a user requesting a connection between
New York City and San Francisco is only concerned with the
connectivity and the requested bandwidth or capacity being
satisfied by the connection. It is the carrier’s duty to optimize
its own transport network to provide the connection with a
high level of network availability. However, the carrier or
service provider may support the connection using a number
of different routes. Thus, it is possible that a carrier may
support the connection in a possibly un-optimized manner,
thereby incurring a higher operating cost.

SUMMARY

In one embodiment, the present disclosure is a method and
apparatus for providing a route recommendation. For
example, the method obtains network topology information,
wherein the network topology information comprises a plu-
rality of underlying subnetwork types for a network. The
method creates a cost model for the network, and receives a
request from a user for a connection to be supported by the
network. The method provides the route recommendation for
supporting the connection by applying the cost model.

BRIEF DESCRIPTION OF THE DRAWINGS

The teaching of the present disclosure can be readily under-
stood by considering the following detailed description in
conjunction with the accompanying drawings, in which:

FIG.11s ablock diagram illustrating a plurality of different
types of sub-networks;

FIG. 2 is ablock diagram illustrating a plurality of different
types of optical transponders that are used to connect different
types of sub-networks;

FIG. 3 is a block diagram illustrating an illustrative net-
work topology graph and its associated network cost graph;

FIG. 4 is a flow diagram illustrating one embodiment of a
method for providing a route recommendation;

FIG. 5 is an illustrative user interface implemented via a
display screen; and
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2

FIG. 6 is a high level block diagram of the route recom-
mendation method that is implemented using a general pur-
pose computing device.

To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments that are common to the figures.

DETAILED DESCRIPTION

In one embodiment, the present disclosure is a method and
apparatus for recommending a route to support a connection
between termination points, e.g., between two network
offices. As discussed above, it is the carrier’s duty to optimize
its transport network to save cost while providing a high level
of network availability to meet a request of a user.

It should be noted that point-to-point DWDM sub-net-
works normally support OC48 connections, which is 2.5
Gbps per wavelength. Some recent ROADM-based sub-net-
works may support OC192/0C768, which is 10 Gbps/40
Gbps per wavelength. However, a large portion of existing
connections are still at lower speed, such as OC48. Thus, a
carrier has to multiplex those lower speed connections into
high speed wavelength lightpaths in the Multi-degree Recon-
figurable Optical Add/Drop Multiplexer (ROADM) net-
works. Inside a wavelength lightpath, each lower speed con-
nection occupies one sub-channel. For example, if a
wavelength lightpath is rated at 10 Gbps, and one sub-channel
is rated at 2.5 Gbps, then there are four (4) sub-channels
inside each wavelength lightpath.

One challenge is to determine how to route each OC48
connection in the transport network and how to multiplex
those lower speed connections optimally such that the total
network cost is minimized. Namely, the network routing and
multiplexing problem can be stated as follows: given a net-
work configuration (including multiple vendor domains, ter-
minal and through optical transponder (OT) costs, network
status, as well as multiplexing capability) and at least one
connection specific requirement (e.g., a requested bandwidth
or capacity), it is necessary to determine how to route the
connection with the available capacity and how to setup light-
paths in the underlying domains, e.g., the ROADM domains,
to satisfy the connection request. One objective is to minimize
the total network cost for a certain period.

Inthe present disclosure, the method will take into account
several constraints simultaneously and provide integrated
heuristics to solve the problem. In one embodiment, a cost
model, e.g., a network cost graph, is created from the network
configuration of a network. The method then assigns graph
edge cost according to different heuristics, and then using a
shortest path algorithm selects the routing path. Using the
network topology information and the cost model, the present
method can automatically extract where to route the connec-
tion over the DWDM sub-networks, where to route the con-
nection over the ROADM sub-networks, where to use exist-
ing available sub-channels, and where to create new
lightpaths, if necessary, where to add regenerators, and what
the total investment cost will be. All of this information is very
helpful for a network planner.

As discussed above, a carrier or service provider may have
many sub-networks. For example, FIG. 1 is a block diagram
illustrating a plurality of different types of sub-networks 100,
110, and 120. Although only three types of sub-networks are
illustrated, the present disclosure is not so limited. Namely,
other type of subnetworks may exist and are within the scope
of the present disclosure.

Different sub-networks may have different technologies
and they can be deployed using equipment from different
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vendors. Different sub-networks may or may not be located at
the same locations. FIG. 1 shows three illustrative types of
DWDM sub-networks. Where “ET” stands for end terminal
(e.g., 102a, 1025, 1124, 1125, 1224, 1225, 122¢, 122d, and
122¢), “OA” stands for optical amplifier (e.g., 104a, 1045,
104c, 114a, 1145, 124a, 1245, 124c, 124d, and 124e),
“OADM?” stands for optical add/drop multiplexer (e.g., 116,
126a, 1265, 126¢, 126d, 126¢, 1261, 126g, and 126/, and
“OT” stands for optical transponder that is an optical-electri-
cal-optical device (e.g., 108a, 1085, 108¢, 1084, 1184, 1185,
118c¢, 1184, 118e, 1187, 128a, 1285, 128¢, 1284, 128e, 128/,
128g, 1284, 128i, and 128;). Subnetwork 100 is a point-to-
point DWDM subnetwork with two end terminals. It should
be noted that there is no express traffic across these sub-
networks, where express traffic means an optical signal trav-
eling more than one optical links without regeneration.

In one embodiment, subnetwork 110 is an optical add-drop
multiplexer (OADM) subnetwork, where an optical signal
can pass through multiple OADMSs without regeneration and
traffic can be added or dropped at any OADM location. Sub-
network 120 is a multi-degree ROADM-based DWDM sub-
network, where the optical signal can travel from one location
to any other location as long as the same wavelength is avail-
able in the route links. As long as the traveling distance is in
the range of the reach limitation, no regeneration is required
in the middle of the subnetwrok. In other words, regeneration
is only needed when the distance exceeds the reach limitation.
Such regeneration device is referred as a regenerator. In FIG.
1, ET, OA, and OADM are pre-installed shared equipments,
while OTs and regenerators are installed when a circuit is
turned-on.

In one embodiment, when a circuit travels across more than
one sub-network, optical transponders (OT) are needed. If
two adjacent sub-networks use different technologies, a back-
to-back “term OT” pair is required. FIG. 2 is a block diagram
illustrating a plurality of different types of optical transpon-
ders 200 and 210 that are used to connect different types of
sub-networks.

When two adjacent sub-networks use the same technology,
e.g., from the same vendor, a simpler “through OT” 210
would be enough. Often the cost of one “through OT” 210 is
cheaper than the total cost of two “term OTs” 200 for the same
technology. When a closer look is taken at the “term OT” pair
and “through OT”, it is generally the case that the “through
OT” could save two receivers and two client transmitter com-
ponents, which will make a single “through OT” cheaper than
two “term OTs” of the same technology. For multi-degree
ROADM sub-networks, the required regenerator is also
through OT since it connects optical signals from the same
technology. Thus during circuit routing in a heterogeneous
transport network, it is preferable to route the circuit (broadly
a connection) over the same type of sub-network as much as
possible to save optical transponder cost because the optical
transponders are expensive devices. It consumes the majority
of the capital cost.

After a route is decided for a circuit, engineers are dis-
patched to different offices to establish the circuit using
inventory optical transponders. Since most of circuits will last
for a long time, such work overhead is acceptable. Inside a
carrier’s network footprint, an office may have many end
terminal devices for different sub-networks. With clear iden-
tification, an engineer can easily establish a circuit connecting
two ETs inside each office via OT/regenerators.

If one sub-network has pre-installed OT/regenerators, and
the sub-network management system is ableto select/connect
its OT/regenerators automatically, there is no need to dispatch
an engineering to the offices. The software tool should inform
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the sub-network management system on the path selection of
the two offices crossing the sub-network, the sub-network
management system would establish the circuit inside the
sub-network automatically.

FIG. 3 is a block diagram illustrating an illustrative net-
work topology graph 300 and its associated network cost
graph 350 (broadly a cost model). It should be noted that a
connection over the heterogeneous DWDM network can be
routed over multiple sub-networks and may require several
OTs to connect them.

In one embodiment, the present disclosure only considers
the costs of optical transponders required to establish the
connection, for example, the “term OT”, and “through OT”
costs. However, the present disclosure is not so limited and
that other costs can be considered in conjunction with the
costs of the optical transponders. In one embodiment, in order
to find the most cost-efficient routes for connections consid-
ering both “term OT” and “through OT”, the present method
creates a network cost graph for a given network state. In turn,
the route for a connection request is computed based on the
network cost graph.

In one embodiment, G(V,E) is used to denote a given net-
work state, where V denotes the network offices and E
denotes the network links including system links and express
links, where an express link means a regeneration-free route.
G'(V',E') is used to denote the corresponding network cost
graph, where V' is the vertex set and E' is the edge set. In one
embodiment, inside each network office, there may be many
different types of sub-networks terminating at this office.
Then for each office i in G, corresponding N, ; vertexes are
created in G' assuming there are N, sub-network types termi-
nating at office i, where one vertex is for traffic termination
and N, vertexes for the N, sub-network types. Then, there is a
total of i (N,+1) vertexes in G'.

Next, edges are created among the NH vertexes for G'.
From the traffic termination vertex, one edge is made to each
of the N, sub-network type vertexes with (termOT_cost—
throughOT_cost/2) of the corresponding sub-network type.
Since half of the “throughOT” cost should not be more expen-
sive than one “termOT” cost of the same sub-network type,
this relationship should not produce a negative value. For any
link of E with an available capacity, one can first identify the
specific sub-network type and its two end offices. Then one
can locate the corresponding two vertexes and create one
edge between them with the cost of one “through OT.” Then,
there is a total i Ni+|El edges, where |E| means the total
number of links in G, including DWDM system links and
express links. It can be verified that a connection route from
one traffic termination vertex to another traffic termination
vertex will have the corresponding optical transponder cost.

FIG. 3 shows one illustrative example of a network topol-
ogy graph 300 and its associated network cost graph 350. It
should be noted that network topology graph 300 is only
illustrative and should not be interpreted as a limitation to the
present disclosure.

For example, in the network topology graph 300, there are
nine (9) network offices (broadly also referred to as nodes),
named from A to I (3104-310/), and there are 3 types of
DWDM systems or subnetworks: the first type comprises
point-to-point DWDM systems, e.g., A-B (311a), B-C
(3115), A-1 (311c¢), 1-D (311d), and I-H (311e); the second
type comprises degree-2 OADM systems, A-B-C (313a) and
C-D-H (313b); the third type comprises multi-degree OADM
systems, H-G-F-E-D-G (3154). In one embodiment, for the
third multi-degree OADM system, due to optical reachability
constraints, it is assumed that there are only two express links
HGF and DEF.
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In one embodiment referring to the network cost graph
350, since node A has two sub-network types, typel and
type2, three (3) vertexes, A (361a), Al (3615), and A2 (361¢)
are created, while node B only has two sub-network types
terminating here, three (3) vertexes, B (371a), B1 (3714), B2
(371c¢) are created for node B. Since Node C has two sub-
network types, three (3) vertexes C (381a), C1 (3815), and C2
(381c¢) are created. Although Node I has three sub-networks
terminating here, but they are all of the same sub-network
type. As such, only two vertexes I (363a) and 11 (3635) are
created. Similarly it is noted that both node D and node H
have all three sub-network types while each of nodes E, F, G
only has sub-network type3 terminating here. Thus, four (4)
vertexes D (391a), D1 (3915), D2 (391¢) and D3 (3914), and
H (3934a), H1 (3935), H2 (393¢) and H3 (3934) are created for
nodes D, and H, respectively. Similarly, two (2) vertexes E
(3954a), E3 (395b), and F (3974), F3 (397b), and G (3994), G3
(3995), are created for nodes E, F and G, respectively.

An example as to how a cost can be computed for a route
using the network cost graph 350 will now be described. For
example, suppose a connection from node A to node F
through nodes B, C, D, E is contemplated or requested. The
total OT cost would include 2 “TermOT” of type2, one
“ThroughOT” of type2, 2 “TermOT” of type3. From the net-
work cost graph 350, it can be seen that the edge AA2 has the
cost of (termOT_cost—throughOT_cost/2) of type2, edge
A2C2 has the cost of one throughOT of type2, edge C2D2 has
the cost of one throughOT of type2, edge DD2 has the cost of
(termOT_cost-throughOT_cost/2) of type2, edge DD3 has
the cost of (termOT_cost-throughOT_cost/2) of type3, edge
D3F3 has the cost of one throughOT of type3, and edge F3F
has the cost of (termOT_cost-throughOT_cost/2) of type3.
Summing these costs together, one will arrive at the final cost
of 2 termOT of type2, plus 1 throughOT of type2, and plus 2
termOT of type3. It should be noted that although not specifi-
cally specified in the present disclosure, the termOT_cost and
throughOT_cost are real costs representing the actual cost of
these OTs. It should be noted that in one embodiment the
termOT_cost and throughOT_cost comprise the actual pur-
chase costs, but it may optionally include other costs, e.g., the
installation cost for installing the OTs, the transportation or
shipping costs for the OTs, and the like.

It should be noted that in the example above, one may
account for all the equipment cost including the termOT and
throughOT. In one embodiment, carriers may also consider
shared common cost, which can be calculated as mileage of
the inter-city link times per-wavelength-mile common cost.
Thus, in the network cost graph 350, shared common cost can
be added to the cost of the inter-city links.

In one embodiment, the present disclosure accounts for
multiplex optimization. For example, in FIG. 3, if one assume
that both typel and type2 sub-networks can support both
0C48 wavelength and OC192 wavelength while type3 can
support only OC192 wavelength, then multiplexing planning
over type3 sub-network to support OC48 connections will be
needed. In one embodiment, multiplexing planning is defined
as the process of grouping multiple sub-wavelength channels
into a single wavelength channel. The optimization objective
is to minimize the overall cost of the network. The multiplex-
ing optimization problem has demonstrated to be computa-
tionally intractable in the general case. Hence heuristic solu-
tions can be used.

In the above example for the type3 sub-network segment, it
is assumed that there is one OC48 connection from H to G and
one OC192 lightpath H-G that is created. Then lightpath H-G
has three sub-channels left. For another OC48 connection
from H to F, one must consider whether to create one direct

10

15

20

25

30

35

40

45

50

55

60

65

6
0OC192 lightpath from Hto F, or to reuse the existing lightpath
H-G and to create one OC192 lightpath from G to F. Different
choices may result in different costs.

In one embodiment, the present disclosure considers a
plurality of different multiplexing policies. Depending on the
goals of a carrier, the calculation of an optimized route using
the network cost graph 350 can be optimized using any one of
the different multiplexing policies as discussed below.

In one embodiment, all policies are applied on the same
network cost graph, where all potential multiplexing light-
paths are treated as one sub-network with each link having
“n” number of sub-channels, e.g., four (4) sub-channels. Then
different costs are assigned to those links according to differ-
ent policies and the present method will run a least cost
routing algorithm to select the most cost-efficient route.

One multiplexing policy is the “investment cost policy.”
Under the “investment cost policy”, the first sub-channel of a
multiplexing lightpath is responsible for the entire lightpath
cost and the other sub-channels of the multiplexing lightpath
are deemed to be free. One reason for this approach is that OT
capital investment and wavelength resource are only needed
during multiplexing lightpath creation for the first sub-chan-
nel request. Then, for the network cost graph, the total OT cost
and common cost are assigned to the new multiplexing light-
path edges and no cost will be assigned to existing multiplex-
ing lightpaths edges. Such a policy tends to attract OC48
connections to use hop across multiple multiplexing light-
paths.

Another multiplexing policy is the “average cost policy.”
Under the “average cost policy”, the 4 sub-channels share the
multiplexing lightpath cost evenly. Then for the network cost
graph, one fourth of the total OT cost and common cost are
assigned to all multiplexing lightpath edges including new
and existing ones. Such a policy tends to encourage the setting
up of new multiplexing lightpaths.

Another multiplexing policy is the “weighted cost policy.”
Under the “weighted cost policy”, 4 sub-channels share the
multiplexing lightpath cost unevenly, e.g., with decreasing
weight such as 1:2:3:4=40:30:20:10. It should be noted that
this weighting example is only illustrative. Namely, different
weighing ratios can be selected. Then for the network cost
graph, 40% ofthe total OT cost and common cost are assigned
to new multiplexing lightpath edges, 30% of the total cost is
assigned to existing multiplexing lightpaths edges with 3 free
sub-channels, 20% of the total cost is assigned to existing
multiplexing lightpaths edges with 2 free sub-channels, and
10% of the total cost is assigned to existing multiplexing
lightpaths edges with the last available sub-channel. Such a
policy is trying to strike a balance between the investment
cost and the average cost policies as discussed above.

Another multiplexing policy is the “major-minor cost
policy.” It should be noted that the previous three policies did
not consider any traffic pattern. Under the “major-minor cost
policy”, traffic pattern will be considered. For example, under
this policy, network nodes are initially classified as a major
node or a minor node based on the traffic supported by the
respective node. For example, one can classify nodes that are
used to support 40% (broadly a selectable threshold of a
percentage of the network’s overall traffic) of the total traffic
of'the network as being major nodes and others as minor node.
Again, this example is only illustrative and should not be
interpreted as a limitation. Once classified, major and minor
nodes can be assigned different cost combination weights.
For example, Major-Major: 1:2:3:4=35:30:20:15, Minor-Mi-
nor: 1:2:3:4=60:20:10:10, and Major-Minor: 1:2:3:4=47.5:
25:15:12.5. The basic idea is to encourage multiplexing light-



US 9,264,344 B2

7

paths between major-major node pair and discourage
multiplexing lightpaths between minor-minor node pair.

FIG. 4 is a flow diagram illustrating one embodiment of a
method 400 for providing a route recommendation. The
method 400 may be implemented, for example, in a general
purpose computing device or an application server as illus-
trated in FIG. 6 below. The general purpose computing device
or the application server can be a standalone device or it can
be a device that is accessible via a communication network.

The method 400 is initialized at step 405 and proceeds to
step 410, where network topology information pertaining to
the underlying subnetwork types for a network is obtained,
e.g., from a database.

In step 420, method 400 creates a network cost graph
(broadly a cost model) as discussed above for the network. In
one embodiment, any one of the above discussed multiplex-
ing policies can be implemented with the network cost graph.

In step 430, once the network cost graph has been created
for a network, it can be used to provide a route recommenda-
tion based upon received inputs. For example, in step 430,
method 400 receives inputs from a user. The input may com-
prise a starting node, an ending node and a bandwidth require-
ment that will be need for a connection or circuit connecting
the starting node and the ending node. Broadly, method 400
may receive a request from a user for a connection to be
supported by the network. For example, a user may provide
the input of needing a connection between New York City and
San Francisco with a bandwidth requirement of 2.5 Gbps.

In step 440, method 400 provides an output using the
network cost graph that will provide one or more route rec-
ommendations. Broadly, method 400 provides at least one
route recommendation for supporting a requested connection
by applying the cost model. For example, method 400 may
recommend a route that traverses from New York City to
Chicago and then to San Francisco. This route recommenda-
tion may incur the least cost to the carrier operating the
underlying network. In one embodiment, method 400 may
provide a plurality of route recommendations in an order of
increasing costs. For example, method 400 may recommend
a route that traverses from New York City to Atlanta and then
to San Francisco. Although this route recommendation may
in fact be the lowest cost, the user may want to see other route
recommendations to ensure that other parameters are consid-
ered. For example, the capacity in the route between New
York City and Atlanta can be reserved for other future uses
and a more direct route (possibly at a slightly higher cost) may
be more appropriate to satisfy the requested connection. The
method 400 then terminates in step 445.

It should be noted that although not explicitly specified,
one or more steps of the method 400 described above may
include a storing, displaying and/or outputting step as
required for a particular application. In other words, any data,
records, fields, and/or intermediate results discussed in the
method can be stored, displayed, and/or outputted to another
device as required for a particular application or for a particu-
lar device.

In one embodiment, the present disclosure provides a
graphic visualization interface. This graphic visualization
interface is able to show current network status for different
sub-networks as well as their combinations. Jointed with
imbedded physical layer fiberspan routes and sub-network
capacity consumption model, the graphic visualization inter-
face can further show detailed fiberspan routing to check
shared risk link group relationship and sub-network exhaus-
tive hot-spots on a map, e.g., a map of a continent, a country,
a region, a state, a county, a city and the like. When a planner
inputs two end offices (broadly two nodes) with the required
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capacity and other constraints, the graphic visualization inter-
face will automatically show a few cost-efficient routes cross-
ing multiple sub-networks for the planner to choose on the
map, including in one embodiment, the termOTs and
throughOTs locations and the sub-network wavelengths. This
graphic visualization interface enables the planners to make
more informative and intelligent decisions with greater pro-
ductivity, thereby saving costs.

FIG. 5 is an illustrative user interface 500 implemented via
a display screen. In one embodiment, the user interface 500
provides a number of input fields 510, 520, 530, 540 and 550.
For example, input field 510 allows a user to input a starting
node, whereas input field 520 allows a user to input an ending
node. Input field 530 allows a user to input a bandwidth or
capacity requirement, e.g., 2.5 Gbps, OC48, and so on. Input
field 540 allows a user to input the number of route recom-
mendations that the user wants the tool to provide, e.g., 10
route recommendations and so on. Input field 550 allows a
user to input various additional information that the user may
want to see in the display area 505. In this illustrative
example, the map of the United States is displayed along with
major cities, links, and so on. It should be noted that any
number of network parameters can be displayed depending
on the requirements of a specific implementation. A button
545 is provided to the user to start the process of providing the
one or more route recommendations once all of the inputs are
provided. Finally, the user interface 500 provides an area 560
to display the route recommendations. The route recommen-
dations can be displayed in any number of formats, e.g., the
nodes that are traversed, the cities that are traversed, the node
identifications, the overall cost for each route recommenda-
tion, and so on. In one embodiment, each route recommen-
dation is graphically presented on the display area 505. For
example, different colors can be used to represent different
costs of the route recommendations, e.g., lower cost route
recommendations are colored in green and higher cost route
recommendations are colored in red. It should be noted that
the present disclosure is not limited in any way by this illus-
trative example of the user interface 500.

FIG. 6 is a high level block diagram of a route recommen-
dation method that is implemented using a general purpose
computing device 600. The general purpose computing
device 600 may be part of a network device or a standalone
device. In one embodiment, the general purpose computing
device 600 comprises a processor 602, a memory 604, aroute
recommendation module 605 and various input/output (I/O)
devices 606 such as a display, a keyboard, amouse, a modem,
a stylus, a joystick, a keypad, controller, a network interface,
and the like. In one embodiment, at least one 1/O device is a
storage device (e.g., a disk drive, an optical disk drive, a
floppy disk drive). It should be understood that the route
recommendation module 605 can be implemented as a physi-
cal device or subsystem that is coupled to a processor through
a communication channel.

Alternatively, the route recommendation module 605 can
be represented by one or more software applications (or even
a combination of software and hardware, e.g., using Applica-
tion Specific Integrated Circuits (ASIC)), where the software
is loaded from a storage medium (e.g., I/O devices 606) and
operated by the processor 602 in the memory 604 of the
general purpose computing device 600. Thus, in one embodi-
ment, the route recommendation module 605 described
herein with reference to the preceding figures can be stored on
a non-transitory computer readable storage medium (e.g.,
RAM, magnetic or optical drive or diskette, and the like).

While various embodiments have been described above, it
should be understood that they have been presented by way of
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example only, and not limitation. Thus, the breadth and scope
of a preferred embodiment should not be limited by any of the
above-described exemplary embodiments, but should be
defined only in accordance with the following claims and
their equivalents.

What is claimed is:

1. A method for providing a route recommendation, the
method comprising:

obtaining, via a processor, network topology information,

wherein the network topology information comprises a 10

plurality of underlying subnetwork types for a network,
wherein the plurality of underlying subnetwork types is
based on different technologies;
creating, via the processor, a cost model for the network,
wherein the cost model is based on optical transponder
costs, wherein each of the optical transponder costs is
associated with one of the plurality of underlying sub-
network types;
receiving, via the processor, a request from a user for a
connection to be supported by the network; and

providing, via the processor, the route recommendation for
supporting the connection by applying the cost model
and the network topology information.

2. The method of claim 1, wherein the optical transponder
costs comprise a term optical transponder cost and a through
optical transponder cost.

3. The method of claim 1, wherein the network topology
information further comprises a plurality of nodes of the
network.

4. The method of claim 3, wherein the plurality of nodes of
the network comprises a plurality of end offices of the net-
work.

5. The method of claim 3, wherein the cost model com-
prises at least one vertex for each of the plurality of nodes of
the network.

6. The method of claim 5, wherein the at least one vertex for
one of the plurality of nodes of the network comprises a
plurality of vertexes if the one node has a plurality of different
underlying subnetwork types terminating at the one node.

7. The method of claim 1, wherein one of the plurality of
underlying subnetwork types comprises a point-to-point
dense wavelength division multiplexer subnetwork with two
end terminals.

8. The method of claim 1, wherein one of the plurality of
underlying subnetwork types comprises an optical add-drop
multiplexer subnetwork.

9. The method of claim 1, wherein the cost model employs
a multiplexing policy.

10. The method of claim 9, wherein the multiplexing policy
comprises an investment cost policy.

11. The method of claim 9, wherein the multiplexing policy
comprises an average cost policy.

12. The method of claim 9, wherein the multiplexing policy
comprises a weighted cost policy.

13. The method of claim 9, wherein the multiplexing policy
comprises a major-minor cost policy that accounts for a traffic
pattern in the network.
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14. The method of claim 1, wherein the route recommen-
dation is presented in a graphical user interface.
15. The method of claim 14, wherein the route recommen-
dation is presented on a map in the graphical user interface.
16. A non-transitory computer readable medium storing a
plurality of instructions which, when executed by a processor,
cause the processor to perform operations for providing a
route recommendation, the operations comprising:
obtaining network topology information, wherein the net-
work topology information comprises a plurality of
underlying subnetwork types for a network, wherein the
plurality of underlying subnetwork types is based on
different technologies;
creating a cost model for the network, wherein the cost
model is based on optical transponder costs, wherein
each of the optical transponder costs is associated with
one of the plurality of underlying subnetwork types;

receiving a request from a user for a connection to be
supported by the network; and

providing the route recommendation for supporting the

connection by applying the cost model and the network
topology information.

17. An apparatus for providing a route recommendation,
the apparatus comprising:

a processor; and

a computer readable medium storing a plurality of instruc-

tions which, when executed by the processor, cause the

processor to perform operations, the operations com-

prising:

obtaining network topology information, wherein the
network topology information comprises a plurality
of underlying subnetwork types for a network,
wherein the plurality of underlying subnetwork types
is based on different technologies;

creating a cost model for the network, wherein the cost
model is based on optical transponder costs, wherein
each of the optical transponder costs is associated
with one of the plurality of underlying subnetwork
types;

receiving a request from a user for a connection to be
supported by the network; and

providing the route recommendation for supporting the
connection by applying the cost model and the net-
work topology information.

18. The apparatus of claim 17, wherein the optical tran-
sponder costs comprise a term optical transponder cost and a
through optical transponder cost.

19. The apparatus of claim 17, wherein one of the plurality
of underlying subnetwork types comprises a point-to-point
dense wavelength division multiplexer subnetwork with two
end terminals.

20. The apparatus of claim 17, wherein one of the plurality
of underlying subnetwork types comprises an optical add-
drop multiplexer subnetwork.
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